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CHAPTER I 


INSTRUMENTS USED IN MECHANICAL DRAWING 

To the young mechanic, or the man who aspires to be a first-class 
workman, there is no more important study that should claim his 
attention than Mechanical Drawing, or at least such a portion of it as 
will give him a fair elementary knowledge of this subject, qualifying 
him for making simple detail drawings and enabling him to read read¬ 
ily and understand correctly any of the mechanical drawings which 
may come to him in the course of his practical work in the shop. 

There has never been a time when drawings were as generally used 
in all the mechanical arts and in general manufacturing enterprises as 
they are at the present time. Wherever there are ideas to be devel¬ 
oped, articles to be manufactured, machinery and many other products 
to be marketed, drawings of some kind, and nearly always mechanical 



drawings, are in demand. There is not the slightest reason why any 
bright and intelligent man cannot learn to make simple mechanical 
drawings if he will apply himself with energy to the instruction given 
in this series, and avail himself of the advantages thus offered. 

Considered in .an elementary manner, drawing is the method by 
which we represent the forms of solid objects by lines on a plane sur¬ 
face, as, for example, on the paper fastened upon the drawing board. 
For mechanical purposes there are two general classes of drawings. 
First, those made by hand only, without the aid of any instrument 
but the pen or pencil, and which are called free-hand drawings. In 
mechanical engineering they are usually called sketches. Second, 
purely mechanical drawings, which are made with the aid of the draw¬ 
ing board, T-square, triangles, measuring scales and the usual draw¬ 
ing instruments. All instruments, appliances and accessories neces¬ 
sary to the production of the drawing are included in the general term 
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drawing instruments, except the various kinds of paper, cloth, etc., 
upon which the drawing is made. These latter are included under the 
head of drawing materials. 

The Drawing Board 

The drawing board should be made of well-seasoned soft pine of 
first quality, from % to 1^4 inch thick, according to its dimensions. 
For use in the study of drawing it should be % inch thick, and at 


Machinery,N.Y. 

Fig. 2. Different Types of T-Squares 

least an inch wider and longer than the paper used. The board may 
be composed of several strips glued together edgewise to form the 
principal part of the board. If of moderate dimensions, it should 
have end pieces of the same thickness as the board proper. These are 
fitted across the end of the board by a tongue and groove, and fastened 
to the board by comparatively long nails, but must not be glued. (See 
Fig. 1.) 


MachineryY. 

Fig. 3. Usual Types of Triangles 

Thumb tacks are used for fastening the drawing paper to the draw¬ 
ing board. They are so called because they are formed with very 
sharp points and comparatively large heads so as to adapt them for 
being pressed into place by the thumb. 

T-Squares, Triangles and Curves 

The T-square consists primarily of a thin ruler used as an aid in 
drawing straight pencil or ink lines, and having secured to it at one 
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end a head, normally set at right angles to it, and adapted to be held 
against the edge of the drawing board with the left hand. The im¬ 
possibility of keeping the corners of a board exactly square precludes 
its use for drawing vertical lines. T-squares are made in two forms: 
First those with a fixed head as shown at A, Fig. 2, and those with a 
swivel or pivoted head, secured in any desired position by a thumb nut, 
as shown at B and C. In Fig. 1 the T-square is shown in its normal 
position on the drawing board as when in use by the draftsman. 



Ordinarily all horizontal lines are drawn by the aid of the T-square 
held in the position shown in Fig. 1, and moved up or down as may 
be necessary, the head always in contact with the left edge of the drawl¬ 
ing board. Vertical and inclined lines are usually drawn with the aid 
of triangles, usually called “angles” by draftsmen. These are made of 
the forms shown in Fig. 3, that is, the one shown at A having one 
angle of 90 degrees and two angles of 45 degrees, and the one shown 



at B having one angle of 90 degrees and the other two of 30 and 60 
degrees. They are 1/16 to 1/8 inch in thickness and from 3 to 15 
inches in length, according to the kind of drawing for which they are 
used. They are made of various kinds of hard wood, hard rubber, 
celluloid or similar substances. For special work, triangles of many 
different angles are used, but are so formed that in nearly all of them 
there is one angle of 90 degrees. 
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Curves are made of materials similar to those used for triangles, 
and are of a great variety of sizes and forms. The most common are 
those consisting of a portion—usually one-fourth—of an ellipse, a half 
of a parabola, or a part of an involute. For special purposes they are 
made of any curve called for by the drawing to be made. A common 
form is shown in Fig. 4. 

Protractors 

The protractor is usually made of German silver, and forms one- 
half of a circle, although protractors are not infrequently made of a 



pig. 6. Plain Fig. 7. Dividers with Pencil, Pen Fig. 8. Regular Type of 

Dividers and Lengthening Bar Drawing Pen 

greater portion of a circle, even of the entire circle. In some in¬ 
stances they are provided with an arm pivoted at the center and 
swinging around the circle. The use of the protractor is to measure, 
or to set off, angles of any required number of degrees. The smaller 
protractors are divided into degrees, while larger ones show half or 
quarter degrees. Those with a swinging arm are usually provided 
with a vernier scale by which small fractions of degrees, three or five 
minutes, for example, are read. A good example of this instrument 
in its simpler form is shown in Fig. 5. 
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Dividers are frequently called “compasses.” They are of a number 
of different forms, according to the purpose for which they are used. 
With the exception of the T-square, angles and pencils, they are the 
most frequently and continuously used of any of the draftsman’s in¬ 
struments. The most simple form is that called plain dividers, which 
are shown in Fig. 6. The upper portions of the legs are jointed to 
each other by an adjustable friction joint. The lower ends of the legs 
are made of steel and terminate in round and very sharp steel points. 
This form of dividers is used for setting off distances when the scale 
cannot be applied directly to the drawing, for spacing around a circle 
and for similar work. 

A type of dividers quite generally used in mechanical drawing is 
shown in Fig. 7. In the cheaper kinds one leg is made solid and one 
removable. Fitted to the latter is a pencil holder, a pen point and a 



Ply. 0. Bow Pencil 



Ply. lO. Bow Pen 



lengthening bar. The last piece is used for extending the radius of 
the divider points to a greater distance than is possible by means of 
the legs alone. The pencil holder and the drawing pen points should 
be provided with joints. In the better class of instruments both legs 
are made removable, and the leg carrying the round steel point is so 
constructed as to hold a small needle which will make but a very fine 
hole in the drawing paper. These parts are called “needle points,” and 
lividers having this construction are commonly called “needle point 
dividers.” 

The bow pencil and bow pen are properly considered as small divid¬ 
ers since they are used for drawing circles. As their small size pre¬ 
cludes the use of separate pencil and pen points, interchangeable at 
will, two complete instruments are necessary. The construction of the 
bow pencil is shown in Fig. 9. It is made of steel, the upper half of 
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each leg being a spring connected at the top and so constructed that 
the tension keeps* the legs separated, except as confined by the adjust¬ 
ing screw. The bow pen is of similar construction, the only difference 
being that suggested by its name; that is, it is fitted with the blades 
of a drawing pen instead of a socket for carrying a pencil. It is 
shown in Fig. 10. 

The spacing dividers shown in Fig. 11 are of a construction similar 
to that of the bow pencil and bow pen, but are provided with two 



Tiff. 12. Proportional Dividers 

slender, round and very sharp points. Their use is similar to that of 
the plain dividers shown in Fig. 6, but for much smaller and more 
accurate work. 

Proportional dividers are made with two entirely separate legs hav¬ 
ing steel points at each end. These legs are joined to each other by a 
screw and thumb-nut sliding in a slot formed in each leg for consider¬ 
ably more than half its length, as shown in Fig. 12. The pivot screw 
passes through a compound sliding block formed of two parts, each 



Tiff. 13. Beam Compasses 

fitting the slot in its respective leg, by which construction the joint or 
pivot of the instrument can be changed to any point desired. Thus 
the double pointed legs form practically two dividers the relative 
lengths of whose legs are adjustable at will. If the pivot screw is so 
placed that its distance from one point is one-third of the entire length 
of the leg from point to point and clamped in that position, the divid¬ 
ers are set at a proportion of 1 to 2; that is, if the divider legs are 
opened until the shorter leg points are one inch apart, the points of 
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the longer will be two inches apart. It follows that by shifting the 
position of the pivot screw any other relative proportion can be ob¬ 
tained. The position of the pivot screw is determined by a set of 
graduations upon one of the legs, to which a single line upon the 
sliding block may be adjusted. 

Beam compasses consist of a beam, or strip of hard wood carrying 
two heads provided with needle point, pencil holder and pen. The 
head carrying the needle point is usually clamped at one end of the 
beam or bar, while the one carrying the pencil holder or pen is ad¬ 
justed at any point along the beam that may be required for the 
radius of the arc or circle to be drawn. (See Fig. 13.) 

Drawing Pens 

The regular form of drawing pen is shown in Fig. 8. The pen con¬ 
sists of two blades; the blades are so constructed as to normally spring 



Pig. 14. Case with Drawing Instruments in Place 


away from each other, and are held together and properly adjusted to 
the desired width of line by a small thumb screw. The inking pens of 
the dividers and beam compasses are similarly constructed. 

These instruments are usually sold in sets, and for their proper care 
and preservation they are contained in cases lined with velvet and 
provided with suitable depressions or recesses fitting the instruments 
contained in them. Such a case, with the instruments in place, is 
shown in Fig. 14. 

Scales 

The draftsman’s scale is understood to be any piece of paper, vood, 
steel, celluloid or similar composition, so divided as to measure dis¬ 
tances on a drawing. Ordinarily the draftsman’s scale is either flat, 
with beveled edges, or triangular, with the flat sides relieved by semi¬ 
circular grooves. Occasionally he uses scales of paper or thin bristol 
board. The flat form of scale, shown in Fig. 15, has both edges bev- 
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eled to a very acute angle so that the graduations and figures are very 
easily read. While the flat scale has but two faces upon which gradu¬ 
ations can be made, the triangular scale shown in Fig. 16 has six 
faces for graduations. 

There are two classes of graduations. The first includes graduations 
for 'Tull size" drawings, that is, drawings made exactly the same size 
as the actual parts they represent, and second, graduations that are 
adapted for drawings made on a scale much smaller than the parts 
represented. 

In the first class the inches are divided into eighths, sixteenths, 
thirty-seconds and sixty-fourths, or tenths and hundredths; in the sec¬ 
ond, graduations are made for so many inches to the foot, as 1%, 3 or 
6 inches to the foot, which are the ordinary scales used by mechani¬ 
cal draftsmen, and for so many feet to the inch, which, in addition 
to the above are used by architects, civil engineers, etc. 


Pencils 

Drawing pencils are usually made of hexagonal form to avoid the 
tendency of a round pencil to roll off an inclined drawing board. The 


iBidUUUUUMUMUUUHUHUHUHIIQ 

)IAi ‘Urwmx' 

ifeHMlMM 

} 4 * 0 

( U.8.8TD. 

1 ot n 




Fig .15 



Figs. 15 and 10. Drafting Scales 

usual grades of pencils for mechanical drawings are those marked HH, 
HHHH, and HHHHHH. Some manufacturers simplify these marks by 
making them read 2H, 4H and 6H. The higher the number the harder 
the lead of the pencil. 

Generally the 6H pencil is used, as very fine and clear lines can be 
made with it; more accurate measurements can be made from the 
lines made with it; and the fine point of the pencil will last much 
longer than if a softer pencil is used. The drawing pencil is sharp¬ 
ened with a much longer point than one for writing or free-hand 
sketching. The entire length of the pointed form should be about 1 % 
inch. The lead being much harder than in pencils used for writing, it 
is customary to form the desired point by rubbing it upon No. 0 sand¬ 
paper glued to a flat stick about % by 1 inch, and 6 or 8 inches long. 

It is often said that "the best is always the cheapest," meaning 
that in important matters, when good wearing qualities and efficiency 
are considered, the greater investment is a good one. This is true of 
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drawing instruments, since good ones have been known to remain 
perfectly serviceable through the use of two generations of draftsmen. 

While all drawing instruments and accessories should be of the 
best construction to insure accuracy and lasting qualities, this is par¬ 
ticularly required of dividers of all the different forms. Scales, pro¬ 
tractors, etc., must necessarily be very accurate and only those of 
first-class construction should be purchased. All instruments should 
be well taken care of and kept clean, so as to be at all times ready 
for use. 

There are a great many kinds of drawing-paper made to suit vari¬ 
ous purposes. It is most convenient for the student to use paper 
made and sold in sheets. Manila paper is commonly used for draw¬ 
ings, and is made either smooth or with a slight grain. A smooth¬ 
surfaced manila paper is, however, not as suitable for pencil work as 
a paper having a slight grain or roughness. Weston’s linen ledg¬ 
er papers are very good for making neatly appearing drawings. 
These papers are sold at a medium price. German drawing-papers 
are usually of good quality and are sold at a reasonable price. They 
have a good hard surface, capable of standing hard usage under the 
rubber, and are made in all the usual sizes. More complete and de¬ 
tailed information relating to drawing papers will be contained in 
Part IV of this treatise. Machinery’s Reference Series No. 88. 

The best and most convenient drawing ink the student can use is 
chat sold ready made in bottles. Higgins’ inks are probably the most 
commonly used of all black drawing inks. 



CHAPTER II 


GEOMETRICAL DEFINITIONS 

Mechanical drawing is based, fundamentally, upon elementary 
geometry, without a thorough knowledge of which no man can claim 
to be a properly qualified mechanical draftsman. Without such 
knowledge, he may secure a position in a drafting-room and succeed 
in holding a subordinate position, but he will always be considered a 
copyist rather than a draftsman, and never rise to the position of a 
designer of machinery. In the actual and every-day practice of 
mechanical drawing, the principles of geometry are constantly in use, 
and the man who is not thoroughly and perfectly familiar with them 
is at a very great disadvantage, both as to the amount and the accuracy 
of his work; and both quantity and quality are factors too important to 
be neglected by the man who has the ambition to succeed. 

It, therefore, is necessary to begin with the fundamental laws and 
basic principles of geometry, and when these are thoroughly mastered, 
to pass on to the practical applications of these principles as applied 
to the drawing of parts of machinery. 

Geometry is defined as “that branch of mathematics which invest! 
gates the relations, properties and measurements of solids, surfaces, 
lines and angles.” Hence, all mechanical drawing consists to a greater 
or less extent of geometrical problems; and without a conception of 
geometry, mechanical drawing would be an utter impossibility both in 
theory and practice. Every branch of technical science or mechanical 
arts has its own vocabulary of words and it is necessary at the outset 
to know and memorize these thoroughly, since they will be used fre¬ 
quently later on, and an imperfect knowledge of them will prove not 
only very awkward, but retard the clear and proper understanding of 
the more advanced work. We will, therefore, commence with the most 
simple form of geometrical conceptions, namely lines, defining the vari¬ 
ous kinds and their purposes; then proceed with the use of two lines 
forming angles; then three lines, forming triangles; then four, forming 
quadrilaterals; and a greater number forming polygons, and so on. We 
will later consider the properties of circles and follow this with the 
characteristics of solid figures. Explanatory titles, reference letters and 
notes are used on the accompanying engravings. Figs. 17 and 18, so that 
the application of the text to the illustrations may be readily seen, and 
the definitions and terms more easily applied and memorized. 

Definition* of Lines 

A straight line is the shortest distance between two points. 

A horizontal line is one parallel with the horizon, which may be repre¬ 
sented by the surface of water at rest in an open vessel. 
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A vertical line is one at right angles to a horizontal line, or as ordin¬ 
arily understood, an upright line. 

An inclined line is a line in any other position than horizontal or 
vertical. 

A perpendicular line is one at right angles to another line, whatever 
its position. Perpendicular and vertical do not mean the same position, 
since a line at right angles to an inclined line is perpendicular to it, 
although itself inclined, as shown at ABCD in Fig 17. 

A straight line has been defined as the shortest distance between two 
points. A curved line between two points is longer than the straight 
line, and is composed of one or more curves of an infinite number of 
forms, as the arc of a circle, an involute, a cycloid, an ellipse, etc. 
(These curves will be described later.) 

A broken line is composed of a number of straight lines joined to¬ 
gether. When composed of a succession of straight and curved lines it 
is usually called a compound , or mixed line. 

A dotted line, shown at EF, Fig. 17, is composed of a succession of 
very short lines or dots of equal length. It is used in mechanical draw¬ 
ing to indicate the form of a part that is hidden by another part. 

A center line, shown at GH , is composed of a succession of short lines. 
It is used in mechanical drawing to indicate the center lines of circles, 
cylinders and similar parts of symmetrical contour. 

A dimension line, as shown at KL t is composed of alternate dots and 
short lines, and is used in mechanical drawing to indicate dimensions 
from one point to another. 

Parallel lines are lines having the same direction, and an equal dis¬ 
tance apart at all points. 

Divergent lines, as shown at M , continually increase their distance 
from each other, the further they are prolonged. 

Convergent lines, as shown at P and N, are those which, if prolonged, 
will continually approach each other, and meet at a point more or less 
distant, as at 0. 

Definitions of Angles 

Angles are formed by the meeting of two lines as RS and ST. All 
angles must be one of three kinds, viz.: right , acute or obtuse. 

Angles are measured by the use of the protractor, a complete circle 
being composed of 360 parts or degrees; hence, a half-circle equals 180 
degrees, and a quarter of a circle, 90 degrees. 

A right angle is composed of two lines meeting at an angle of 90 
degrees. 

An acute angle is composed of two lines meeting at less than 90 
degrees. 

An obtuse angle is composed of two lines meeting at more than 90 
degrees. 

Definitions of Triangles 

Triangles are plane figures bounded by three straight sides. 

An equilateral triangle is one whose sides are all equal. 



14 


No. 85—MECHANICAL DRAWING 


An isosceles triangle is one in which two of its sides, and therefore 
two of its angles, are equal. 

A scalene triangle is one in which no two sides or angles are equal. 

A right-angled triangle is one in which one angle is a right angle or 
an angle of 90 degrees. 

An oblique triangle is one which has no right angle. 

The sum of the three angles of a triangle will always equal 180 
degrees. 

Definitions of Quadrilaterals 

Quadrilaterals are plane figures having four straight sides. 

A square is a figure having four straight sides, all the sides being of 
equal length, and all angles right angles. 

A rectangle is a figure having four straight sides, opposite sides be 
ing of equal length, and all angles right angles. 

A parallelogram is any figure having four straight sides, opposite 
sides being parallel and of equal length. The square and rectangle, 
hence, are only special cases of parallelograms. 

A trapezoid is a figure having four straight sides, in which only two 
sides are parallel. 

A trapezium is a figure having four straight sides, and in which no 
two sides are parallel. 

The base of a plane figure is its bottom line, as shown at X, Fig. 17. 
The sides are the lines rising from the base. 

The altitude is the vertical height, as shown at Y. 

A diagonal is a straight line drawn between opposite angles, as at Z. 

Definitions of Polygons 

A polygon is a plane figure of more than four sides. Regular poly¬ 
gons have all sides composed of straight lines of equal length, and all 
of the angles equal. Polygons are distinguished by names which indi¬ 
cate the number of sides. 

A pentagon is a polygon having five sides. 

A hexagon is a polygon having six sides. 

An octagon is a polygon having eight sides. 

The Circle 

A circle , as shown in Fig. 18, is a plane figure bounded by a uniformly 
curved line called the circumference , every part of which is at an 
equal distance from a point within called the center, shown at A. 

The diameter of a circle is the line passing through the center and 
terminating at two opposite points in the circumference, as the line DE , 
Fig. 18. 

The radius of a circle is the line extending from the center B to any 
point on the circumference, as the line BF. 

An arc is any portion of the circumference, as the line HJ. 

A chord is a straight line joining the two extremities of an arc, as the 
straight line from H to J. 

A segment is a plane figure bounded on one side by an arc and on 
the other by a chord, as shown by the shaded space at C. 



POLYGONS | QUADRILATE RALS | TRIANGLES 


GEOMETRICAL DEFINITIONS 




pie. 17 














GEOMETRICAL DEFINITIONS 


17 


A sector is a plane figure bounded by two radii, as LM and MN, and 
an arc, as LN , as shown by the shaded space, G. 

Definitions of Solids 

Thus far we have considered only lines and their uses in the forma¬ 
tion of plane or “flat” figures, or figures having only length and 
breadth. We will now proceed further and consider figures having a 
third dimension in addition to its length and breadth, namely height 
or thickness. With the exceptions noted below all solids are bounded 
by four or more surfaces in the form of triangles, quadrilaterals or 
polygons. 

A cube , Fig. 18, is a solid having six sides, each of which is a square. 
All its sides are equal, and all ’ts angles are right angles. 

A sphere is a solid body bounded by a single surface, every part of 
which is equally distant from a point within, called the center of the 
sphere. 

A cylinder is a solid body whose ends are circles of equal diameter, 
and whose exterior surface is at all points an equal distance from a 
line passing through the center of its circular ends, and called its axis. 

A prism is a solid figure whose ends are equal in shape and consist¬ 
ing of triangles, quadrilaterals or polygons. The popular idea that a 
prism must have three sides only is not correct, since it may have any 
number of sides and still be within the definition. Hence we speak of 
a triangular prism so as to indieate its number of sides. 

A square prism is bounded by rectangles on all sides. 

A pyramid is a solid figure whose base is a triangle, quadrilateral, 
or a polygon, and whose sides are triangles, the upper angles of which 
are joined at the top in a point called the apex. The bottom surface 
is called the base, and the vertical height, the altitude. Pyramids may 
be classified according to the form of their base. Hence we speak of a 
triangular pyramid, a square pyramid, a hexagonal pyramid, etc. 

A cone is a solid body similar to a pyramid, except that its base is 
a circle. 

A pyramid or cone is described as truncated or as a frustum , when 
the upper portion is cut away, as shown in Fig. 18. 
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PRACTICAL GEOMETRICAL PROBLEMS 

As the art of mechanical drawing depends upon a thorough knowl¬ 
edge of the fundamental principles of geometry, we will now proceed 
to consider such elementary problems as are most essential, and which 
will prove most useful to the draftsman in the practice of the pro¬ 
fession of not only mechanical drawing, but also in the higher and 
more advanced science of mechanical engineering, to which he may 
some day aspire. These problems should be carefully worked out 
without the use of a T-square, except where specifically stated, using 
only the pencil dividers and a rule, or the side of a draftsman’s triangle. 
The operations should be repeated with each problem until it is readily 
understood, and as far as possible the operations should be memorized, 
as they are often used in regular mechanical drawing of machine 
parts, etc., and will be found of much assistance in working out prac¬ 
tical drawings accurately and quickly. The various problems are 
shown on the accompanying plates, and numbered the same as in the 
text matter in the following. These plates should be copied on drawing 
paper by the student. It will be well to make these drawings on a 
scale two or three times the size here given, as the work can be more 
easily done and the confusion of lines will not be as troublesome as 
when drawn on the small scale shown. The drawing of these prob¬ 
lems should be very carefully done, so that the student may acquire 
that degree of precision which is necessary for a mechanical draftsman. 

To firmly fix in the mind the principles contained in the following 
problems it will be necessary to draw them a number of times, and 
the more complicated ones with different dimensions and proportions, 
always being as careful and as accurate as possible. Habits of accuracy 
in the work are quite as necessary as the mental study of the theory 
of these operations. To be able to handle these problems promptly and 
correctly is the basis of the real constructive work of the trained and 
able draftsman, and the time spent on them is as well employed as that 
devoted to the later, and, apparently, more striking studies in mechan¬ 
ical drawing. 

Problem 1. To bisect, or divide in equal parts, the given line AB. 

With the dividers set at a radius somewhat greater than half the 
length of the line AB , and with the needle point successively at A and 
By describe the short arcs CD and EF. Through the intersection of 
these arcs draw the line GHy which will divide the line AB as required. 
This method is a very accurate one for dividing a line in two equal 
parts. 

Problem 2. To erect a perpendicular at a given point C on the 
given line AB. 


GEOMETRICAL PROBLEMS 



Problem Z. 



Plata I. Problems 1 to 4 
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Set the dividers to any convenient radius, and with the needle point 
at C as a center, describe the arcs DE and FG. With any convenient 
radius, and from the intersection of the arc DE with line AB as a 
center, describe the arc HJ. With the same radius, describe the arc KL 
from the intersection of the arc FG with the line AB. From the inter¬ 
section of the arcs HJ and KL , draw a vertical line MC , which will 
be the perpendicular required. 

Problem 3. To erect a perpendicular at the extremity of the given 
line AB. 

With the dividers set at any convenient radius, place the needle 
point at B and describe the arc CD. With the same radius, and from 
the point C as a center, describe the arc BE. From the intersection 
of these two arcs as a center, and with the same radius, describe the 
arc FG. Through the point C and the intersection of the arcs CD and 
BE draw the inclined line CH. Through the point of intersection of 
this line with the arc FG , draw a vertical line to the point B , which will 
be the perpendicular line required. 

Problem 4. A second method of solving Problem 3. 

Divide the line AB into five equal parts and number these divisions 
from right to left as shown. Set the dividers to a radius of four of 
these parts, and with B as a center, describe the arc CD. Set the 
dividers to the full length of the line AB , and with the point 3 as a 
center, describe the arc EF. Through the intersections of these arcs 
and the extremity of the given line at B draw the line BG , which will 
be the perpendicular required. 

Problem 5. To bisect, or divide equally, the angle ABC. 

Set the dividers to any convenient radius and from the point B as 
a center, describe the arcs DE and FG. From the intersection of the 
arc DE with the line AB as a center, and with any convenient radius, 
describe the arc HJ. With the same radius and from the intersection 
of the arc FG with the line BC as a center, describe the arc KL. 
Through the intersection of the arcs HJ and KL and through point B, 
draw the line BM , which will be the bisecting line required. 

Problem 6. To draw an angle equal to the given angle ABC. 

Draw the inclined line KL as one side of the angle. With the 
dividers set at any convenient radius and with the point B (in the 
left-hand figure) as a center, describe the arc DE. With the same 
radius, and from the point L on the inclined line, previously drawn, as 
a center, describe the arc FG. Set the dividers to the exact radius of 
the distance between the points of intersection of the arc DE with 
the lines AB and BC (in the left-hand figure). With this radius, and 
from the point of intersection of the arc FG with the line KL (in the 
right-hand figure) as* a center, describe the arc HJ. Through the inter¬ 
section of the arcs FG and HJ , draw the line LM , which will com¬ 
plete the angle required. 

Problem 7. To erect an angle of 60 degrees upon the given line AB. 

Set the dividers to any convenient radius, and with the point A as 
a center, describe the arc CD; with the same radius, and from the 
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intersection of the arc CD with the line AB, as a center, describe the 
arc EF. Through the point of intersection of the arcs CD and EF, 
draw the line AO, which will complete the angle required. 

Problem 8. To draw an equilateral triangle whose sides are equal 
to a given line AB. 

Set the dividers to the exact length of the given line AB, and 
with the point A as a center, describe the arc CD. With the same 
radius, and with the point B as a center, describe the arc EF. . Through 
the intersection of the arcs CD and EF, and to the points A and B, 
respectively, draw the lines AH and BO, which will complete the re¬ 
quired triangle. 

Problem 9. To draw a triangle equal to the given triangle ABC. 

Draw the base line IIK equal to AB. With the dividers set exactly 
to the distance AC, and with the point H as a center, describe the 
arc DE. Set the dividers exactly to the distance BC and with the 
point K as a center, describe the arc FO. From the intersection 
of the arcs DE and FO , draw the lines HL and KL, completing the 
required triangle. 

Problem 10. To draw a square with sides equal to a given line AB. 

Set the dividers exactly to the length of the given line AB. With 
the point A as a center, describe the arc BC. With the same radius 
and with the point B as a center, describe the arc AD. With the inter¬ 
section of the arcs BC and AD as a center, describe the circle ABE. 
With the radius AB, and with the intersection of the arc BC with 
the circle ABE as a center, describe the arc FO. With the same radius 
and with the intersection of the arc AD with the circle ABE as a cen¬ 
ter, describe the arc HJ. From the intersection of the arc FO and 
the circle ABE, draw the line AK. From the intersection of the arc HJ 
with the circle ABE , draw the line BL. From the intersection of the 
arc BC and the line AK draw the line MN to the intersection of the arc 
AD with the line BL. The figure ABNM is now the required square. 

Problem 11. To draw a parallelogram, the length of whose sides is 
given and two of the angles of which are to be 60 degrees. The line 
AB represents the longer side, and the line CD the shorter. 

Set the dividers to any convenient radius, and with the point B as 
a center, describe the arc EF. With the same radius, and with the 
intersection of the arc EF with the line AB as a center, describe the 
arc OM. Through the intersection of the arcs EF and OM draw the 
line BJ , which will form one side of the parallelogram. With the 
dividers set at the radius CD, and with B as a center, describe the 
arc KL. With the same radius and A as a center, describe the arc 
OP. With the dividers set at the radius AB and from the intersection 
of the arc KL with the line BJ as a center, describe the arc MN. 
Through the intersection of the arcs OP and MN draw the line AT, 
which will form another side of the required parallelogram. Through 
the intersection of the arcs OP and MN and of the arc KL and the 
line BJ draw the line RS, which will complete the required parallel 
gram. 
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Problem 12. To draw a trapezium equal to a given trapezium, as 
represented by lines ABDC. 

With any convenient radius, and A and T as centers, describe the 
arcs EF; and with B and U as centers, describe the arcs GH . With 
a radius equal to the distance between the intersections of the arc EF 
with the lines AB and AC, and with the intersection of the line TV 
with arc EF at F as a center, describe the arc JK. Through the inter¬ 
section of the arc EF with the arc JK draw the line TN, which forms 
one side of the required trapezium. With a radius equal to the dis¬ 
tance between the intersections of the arc GH with the lines AB and 
BD, and from the intersection of line TV and arc GH at G as a 
center, describe the arc LM. Through the intersection of the arcs 
GH and LM , draw the line U 0, which will form the third side of the 
trapezium. With a radius equal to the distance AC, and with T as 
a center, describe the arc PZ. With a radius equal to the distance BD, 
and with U as a center, describe the arc R8. From the intersection 
of the arc R8 with the line CO, draw the line XY to the intersection 
between line TN and arc PZ. This line constitutes the fourth side, 
and completes the required trapezium. 

Problem 13. To draw a circle of a given radius AB, through two 
given points C and D. 

With the radius AB, and from the centers C and D, successively 
describe the arcs EF and GH. The intersection of these arcs will 
be the center of the required circle, which is described with the 
radius AB. 

Problem 14. To draw a circle passing through three given points 
A, B and C. 

With any convenient radius, and successively with A and B as cen¬ 
ters, describe the arcs DE, FG, HJ and KL. Then with any convenient 
radius, and successively with B and C as centers, describe the arcs 
MN, OP, QR and 8T. Through the intersection of these arcs draw the 
lines UV and WX, as shown. The intersection of these lines will be 
the center of the required circle. From this center describe the circle, 
through the given points A, B, and C. 

Problem 15. To find the center of a given circle AB. 

At any points on the circle locate the points C, D and E. Proceed to 
locate the center as described in Problem 14. 

Problem 16. To draw a tangent through a given point C, on a 
given circle AB. 

Through the given point C and the center D draw the line CD. By 
the method explained in Problem 2, erect the perpendicular EF, which 
will be the tangent required. 

Problem 17. To draw a tangent to a given circle AB and passing 
through a given point C outside of the circle. 

Through the given point C and the center D draw the line CD. With 
C as a center, and with a radius CD, describe the arc DE. With a 
radius equal to the diameter of the circle, and from the center D, 
describe the arc FG. Through the intersection of the arcs DE and 
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FG, and the center D, draw the line DH. Through the intersection 
of the line DH and the circle AB, and the given point C, draw the 
line JK, which will be the tangent required. 

Problem 18. To draw a circle of a given radius D tangent to the 
sides of a given angle ABC. 

With centers at any convenient points on the given angle, as E, F, 
G, and H, and with the given radius D, describe the arcs JK, LM, 
NO, and PR. Draw the lines VS and TU tangent to these arcs. (These 
lines are then parallel with lines BC and AB, respectively.) The in¬ 
tersection of these lines with each other is the center of the required 
circle. From this center, and with the radius YW, describe the re¬ 
quired circle. 

Problem 19. To draw a circle tangent to the three lines AB, BC 
and CD. 

As explained in Problem 5, bisect the angle ABC . In the same 
manner bisect the angle BCD. The bisecting lines thus drawn will 
intersect each other at E, which will be the center of the required 
circle. The radius of the circle is the perpendicular distance from E 
to any of the three lines. 

Problem 20. To draw a circle of a given radius EF , tangent to a 
given circle AB and a given line CD. 

By the method explained in Problem 18, draw the line OH parallel 
to the line CD, and at a distance from it equal to the radius EF. With 
a radius equal to the radius of the circle AB added to the radius 
EF, and from the center J, describe the arc LM. The intersection 
of this arc with the line OH will be the center of the required circle, 
which is now drawn with the radius EF. 

Problem 21. To draw a circle of a given radius AB, connecting 
with or tangent to a given circle CD at its intersection with a given 
line EF. 

From the point of intersection of the circle CD with the line EF, 
describe the arc HJ with the radius AB, With the same radius, and 
with the intersection of the arc HJ with the line EF as a center, 
describe the required circle. 

Problem 22. To join two given parallel lines AB and CD by two 
reversed curves, to which they shall be tangent, and connect with 
them at given points E and F. 

As explained in Problem 1, bisect the line EF by the line AG at 
point H. In a similar manner bisect the line EH by the line JK, and 
the line FH by the line LM. As explained in Problem 2, draw the 
perpendiculars NO and PR. With the intersection of the lines JK 
and NO as a center, describe one of the required arcs EH. From the 
intersection of the lines LM and PR as a center, describe the other 
required arc FH. 

Problem 23. To join two given parallel lines AB and CD by two 
reversed curves, connecting them at the given points E and F, and 
whose centers shall be on the given lines. 

Draw the lines NO, JK and LM as in Problem 22. The intersection 
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of the lines JK and AB will be the center from which the arc EH 
is drawn; and the intersection of the lines LM and CD will be the 
center of the arc FH. 

Problem 24. To inscribe a circle within a given triangle ABC. 

As explained in Problem 5, bisect any two angles of the triangle by 
lines, as BD and CE. The intersection of these lines will be the center 
of the required circle, which, when drawn so as to touch or be tangent 
to one of the sides, will also be tangent to the other sides of the 
triangle. 

Problem 25. To describe a circle around a triangle ABC. 

Bisect the two sides AB and AC of the triangle, and erect the per¬ 
pendiculars DE and FG in the manner described in previous problems. 
The intersection of these perpendiculars is # the center of the required 
circle, whose radius will be the distance from this center to either of 
the angle points A, B, or C. 

Problem 26. To inscribe circles between two divergent lines AB 
and BC f the circles to be tangent to each other and to the divergent 
lines; the first circle is to pass through a given point O. 

Bisect the angle ABC in the manner described in Problem 5, and 
draw the line BE. From the given point 0 erect the perpendicular 
FG, whose intersection with the line BE will be the center of the 
first circle of the series, which is now described with a radius OG. 
From the intersection H of this circle with the center line BE, erect 
a perpendicular to the latter, cutting the line AB at J. With J as 
a center, and with the radius HJ, describe the arc HK. From the 
Intersection of this arc with the line AB, erect the line KL, perpen¬ 
dicular to the line AB, whose intersection with the center line BE at 
L will be the center of the next circle, which is to be described with 
the radius KL. From the intersection N of the last circle with the 
center line BE, erect a perpendicular MN to the latter, and proceed as 
before. Any number of additional circles may be added in this manner. 

Problem 27. To inscribe a circle within a square ABDC. 

Draw the diagonals AD and BC, whose intersection will be the center 
of the circle. Bisect the line BD by the method described in Problem 1, 
and draw the perpendicular EF, passing through the center of the 
circle. With a radius equal to the distance from the center of the 
circle to the intersection of the line EF with the line BD, describe the 
required circle. 

Problem 28. To inscribe a square within a given circle. 

Draw the diameter CD through the center of the given circle. Erect 
the perpendicular EF, passing through the center of the circle. From 
the points of intersection of the diameters CD and EF with the circle, 
draw the lines representing the four sides of the required square. 

Problem 29. To inscribe a regular pentagon within a given circle. 

Draw the horizontal line CD passing through the center G of the 
given circle. Erect the perpendicular EF, passing through the same 
center. ’ Bisect the radius by the line HJ, at K. With the inter¬ 
section K as a center, and with the radius KE, describe the arc EL, 
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intersecting the line CD at L. With the point E as a center, and 
with the radius EL, describe the arc NLM, cutting the given circle at 
M and N, which will determine the length of each of the sides of the 
required pentagon. Draw the lines EM and EN, which will form two 
sides of the pentagon. From M and N successively, and with the 
radius EM, determine the points 0 and P, by short arcs cutting the 
given circle. Draw the lines NO, OP and MP, which will be the remain¬ 
ing sides of the required pentagon. 

Problem 30. To draw a hexagon with sides of a given length AB. 

With A and B successively as centers, and with a radius equal to 
AB, describe the arcs CD and EF, whose intersection will be the center 
of a circle circumscribing the required hexagon. With the same radius 
as just used, describe the circle ABO. With the same radius, and 
successively with A and B as centers, determine the points H and J, 
by short arcs cutting the circle ABO. With the same radius, and suc¬ 
cessively with H and J as centers, determine the points K and L by 
short arcs cutting the circle ABO. Connect the points AH, HK, KL, 
LJ and JB with straight lines, which will complete the require^ 
hexagon. 

Problem 31. To inscribe a regular hexagon within a given circle. 

Draw the horizontal line CD, passing through the center of the 
given circle. With a center at the points of intersection, C and D, of 
this line with the given circle, and with a radius equal to the radius 
of the circle, determine the points E and F, and O and H, by short arcs 
cutting the given circle. Connect the points CF, FO, OD, DH, HE and 
EC by lines which form the required hexagon. 

Problem 32. To draw a regular octagon whose sides shall equal 
a given line AB. 

Extend the line AB to the right and left somewhat more than its 
length. With A and B successively as centers, and a radius equal to 
AB, describe the arcs CD and EF. From A and B erect the perpen¬ 
diculars AO and BH. Bisect the angles CAG and HBF by the lines 
AJ and BK, Witn L, D, E, and M successively as centers, and with 
the radius AB, determine the points N and 0 by short arcs intersecting 
each other. With N and 0 successively as centers, and the radius AB, 
determine the points G and H by short arcs cutting the lines AO and 
BH. Connect the points AL, LN, NO, GH, HO, OM and MB by lines, 
which will form the required octagon. 

Problem 33. To inscribe a regular octagon within a given circle. 

Draw the horizontal line CD, passing through the center E of the 
given circle. Erect the perpendicular line FO, passing through the cen¬ 
ter of the given circle. Draw the lines HJ and KL, bisecting the angles 
FED and CEF. These lines cut the given circle at the points C, K, F. 
J, D, L, G and H, which, when connected by lines, will form the 
required octagon. 

Problem 34. To inscribe an octagon within a given square. 

Draw the diagonals CD and EF, intersecting at O. From the points 
C, E J D and F successively as centers, and with a radius equal to CO, 
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describe arcs intersecting the sides of the given square at the points 
H, J, K, L, If, N, O and P. Connect these points by lines which will 
form the required octagon. 

The Drawing of Curves Other than Circles 

In the study of mechanical engineering and in the practice of 
mechanical drawing, a number of very important curves are used, 
and it is very necessary that every man who aspires to the position 
of a designer of machinery should know the correct geometrical meth¬ 
ods of laying out or “generating” these curves. To be able to 
handle these problems readily and accurately will be found to be of 
very great advantage. 

Problem 35. To draw an involute curve. 

The involute curve (or, simply, the involute) may be defined as a 
curve which may be traced by a point, as a pencil, fixed to the end of 
a flexible cord, when unwound from the surface of a cylinder. This 
curve is represented by the line A in the left-hand figure; B is the 
generating cylinder or circle from which the cord is supposed to have 
been unwound. For ordinary purposes this curve may be approxi* 
mately drawn with a generating circle of a given diameter by the fol¬ 
lowing method. (See the right-hand figure.) Within the generating 
circle B inscribe a square, extending the lines forming its sides, as 
shown, to C, D, E and F. With the point G as a center, and the 
distance GK as a radius, scribe an arc extending from the line FG 
to the line CG. With H as a center, extend the dividers to the point 
where the last arc ceased on the line CG, and continue the curve 
to the line DH . With J as a center, and the radius extended to the 
curve at the line DH, continue the curve to the line Ej. Continue these 
operations until a spiral of sufficient length has been produced. 

If this curve is generated on a large scale a greater number of 
basic lines, as CG, DH, etc., should be made, so as to increase the 
accuracy of the curve. It should be understood that an accurate invol¬ 
ute curve cannot be described with the dividers, since no part of it is 
the arc of a circle. 

In drawing this curve mechanically, for instance, as a curve on 
large wood pattern work, a generating cylinder of wood of proper diam¬ 
eter is used, and around this is placed a very fine copper wire, to the 
end of which a drawing pencil is fastened. By this means very accur¬ 
ate work can be done. It may be well to state that, mathematically, the 
diameter of the generating circle multiplied by 3.1416 will give the 
distance between one convolution and the next, as shown by the 
distance M in the right-hand figure. , 

Problem 36. To draw an ellipse. 

The ellipse may be popularly described as a flattened circle. By 
pressure on opposite sides of a flexible circle (as a hoop), we at once 
loose its center as a fixed point equally distant from every point of the 
circumference; the flattened circle becomes an ellipse, and the point 
formerly the center is replaced by two points called the foci (singular: 
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focus). In the figure (Problem 36) the longer or conjugate axis of the 
ellipse is from A to B. The shorter or transverse axis is from C to D. 
The two foci are always located on the conjugate axis, and are shown at 
E and F. 

Mathematically, the ellipse is defined as a figure bounded by a curved 
line, all points of which are so located with respect to two points within 
the curved line, called the foci, that the sum of the distances from any 
point on the ellipse to* the foci is constant or equal for any one ellipse. 
Referring to the figure, the combined length of the two lines ED and 
DF is the same as that of the lines EG and GF, or of the lines EH and 
FH. 

Prom these facts it follows that if we place a pin at each of the foci, 
and fasten to them the ends of a flexible cord of exactly the length 
to reach from the focus E to the point C and back to the other focus 
F (when drawn taut), we may place a pencil inside of the cord at 
C and moving it to the left, describe the exact form of one-fourth of the 
ellipse. This is a mechanical method of drawing the ellipse and is 
often used in large wood pattern work. In such a case a very fine 
copper wire is generally used. The method of determining the loca¬ 
tion of the two foci is as follows: With C as a center, and a radius 
equal to one-half the conjugate axis AB, describe arcs intersecting the 
conjugate axis. The points of intersection, E and F, are the foci. 

Problem 37. iTo draw an ellipse by determining points at intervals 
along the line of the curve. (First method.) 

Assume that AB is the conjugate axis; CD the transverse axis, and 
E and F the two foci. Divide that portion of the conjugate axis be¬ 
tween the focus F and the transverse axis into eight equal parts, and 
number them from left to right as in the drawing. With the focus 
E as a center, and with the distance from B to 7 as a radius, describe 
the short arc G. In a similar manner, with the radius £6 describe 
the short arc H. Proceed in a like manner to describe the short arcs 
J, K , L, My and N. With the radii Al, A2, A3, etc., and with the focus 
F as a center, describe successively the short arcs 0, P, Q, R, 8 , P, and 
U t cutting the short arcs previously described. The intersections of 
these short arcs will be points on the required curve forming the el¬ 
lipse. Only one-fourth of the entire curve is here shown, the other 
portions being but repetitions of the curve just drawn. 

Problem 38. To draw an ellipse by determining points at intervals 
along the line of the curve. (Second method.) 

Assume that AB is the conjugate axis and CD the transverse axis of 
the required ellipse. Describe the circle ABE t with a diameter equal to 
the conjugate axis, and the circle CFD y with a diameter equal to 
the transverse axis. Divide the arc AE of the larger circle into eight 
equal parts. By radial lines from the points thus determined divide 
the arc CF of the smaller circle into eight equal parts. From the 
points Gy Hy Jy etc., on the outer circle, draw vertical lines. From 
the points K t L, 3f, etc., on the smaller circle, draw horizontal lines. 
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The intersections of these horizontal lines with the vertical lines will 
be points on the required curve forming the ellipse. 

Problem 39. To describe an ellipse by the use of straight lines 
only, and without the determination or use of the foci. 

Assume that AB is the conjugate axis, and CD the transverse axis of 
the required ellipse. Draw the line CE parallel to the conjugate axis 
AB. Draw the line AB parallel to the transverse axis. Divide the 
line CE into eight equal parts and number the points from right to 
left. Divide the line AE into eight equal parts and number them 
from the top downward. Draw straight lines between the points on the 
horizontal line CE and the points having the same numbers on the 
vertical line AE. These lines will be tangents to the curve of the 
required ellipse; this method, however, is only approximate, and while 
it is satisfactory for general work, it is not a method to be recom¬ 
mended when accurate results must be obtained. 

Problem 40. To describe a curve similar to that drawn in Problem 
39, but on base-lines forming an obtuse angle. 

Proceed as in Problem 89, dividing the lines AE and CE into eight 
equal parts, numbering these points and drawing straight lines in a 
similar manner as before. The lines are all tangents of the required 
curve. The method described is, however, like that in Problem 39, 
only approximate, and should not be used if accurate or theoretically 
correct results are required. 

Problem 41. To describe a curve similar to that drawn in Problem 
39, but on base-lines forming an acute angle. 

Proceed as in Problem 39, dividing the lines AE and CE into eight 
equal parts, numbering these points and drawing the straight lines in 
a similar manner, as before. The lines are all tangents of the required 
curve. This method, being the same in principle as that used in Prob¬ 
lems 39 and 40, is only approximate, and should not be used when very- 
accurate results are required. 

Problem 42. To develop accurately a small portion of an involute 
curve from a comparatively large given circle. 

In Problem 35, the method of developing the involute curve (or, as 
commonly called, the involute) for ordinary purposes is described. 
When a great degree of accuracy is required and only a short portion of 
the curve is needed, as in generating a suitable curve for the teeth of 
gears, a much more accurate method must be used. In the use of this 
curve as applied to the teeth of gears, it is not unusual to use from 
twelve to twenty tangent lines to a fourth part of the circle. From a 
fifth to an eighth of the given circle is usually required in this work. 

Draw the vertical line CD , whose intersection with the generating 
circle will mark the beginning of the required curve. From this 
point and toward the right, lay off six to eight equal spaces, of from 
three- to five-sixteenths of an inch each. Number them from left to 
right. Draw radial lines from each of these points to the center D 
of the given circle. By the use of a ruler or T-square blade and a 90- 
degree angle, draw lines at right angles to each of these radial lines. 
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tangent to the circle, and number these tangents with similar figures. 
With 1 on the generating circle as a center, and the distance from this 
center to the vertical line CD, as a radius, describe the very short 
portion of the involute curve from the given circle to the tangent line 
1. With point 2 on the given circle as a center, and with the distance 
from this center to the termination of the portion of the curve just 
drawn, describe the next portion of the required curve from the tan¬ 
gent line 1 to line 2. Proceed in the same manner, using the radial 
lines 3, 4, 5, etc., as centers, enlarging the radius at each step and con¬ 
tinuing the required curve from one tangent to the next. In actual 
practice this work must be done with good drawing instruments, with 
a very hard and sharp, round pointed pencil, and on a very hard and 
smooth surfaced paper or bristol board. 

Problem 43. To draw a cycloid curve described by a point in the 
generating circle AB rolling along the straight line CD. 

The cycloid is a curve described by a fixed point in a generating 
circle rolling along a straight line. It is constructed in the following 
manner. From the center E of the generating circle AB draw the line 
EF f parallel to the line CD, which will be the line followed by the cen¬ 
ter of the generating circle AB as it rolls along the line CD. Through 
the center E draw the line OH, at right angles to the line CD. The 
intersection of the line OH with the circle will indicate the beginning 
of the required curve. Divide the left half of the generating circle 
into an even number of equal parts (in this case twelve), and number 
them, beginning at the lower point. Divide the line EF into equal 
parts, of the same length as those into which the half-circle is divided, 
beginning at the line OH, and number them from left to right. Through 
the points in the generating circle, draw lines parallel to the line 
EF. With the same radius as that of the generating circle, and with 
the point 1 on the line EF as a center, describe the short arc J, inter¬ 
secting the horizontal line from the point 1 on the generating circle. 
With the same radius, and the point 2 on the line EF as a center, 
describe the short arc K, intersecting the horizontal line from the 
point 2 on the generating circle. With the same radius, and in a 
similar manner, with centers at the points 3, 4, 5, etc., on the line EF, 
describe short arcs L, M , N, etc., intersecting the horizontal lines from 
the points 3, 4, 6, etc., on the generating circle. The intersections of 
these short arcs and the corresponding horizontal lines are points on 
the required cycloid. In the drawing, the point 12 carries the gener¬ 
ating circle through one-half a revolution. The remaining half revolu¬ 
tion would be a counterpart and return to the line CD. 

Problem 44. To describe an epicycloid upon a given circle AB, with 
a generating circle CD. 

The cycloid is developed by a generating circle rolling upon a 
straight line. The epicycloidal curve is one produced by the generating 
circle rolling upon the outside of another circle. It is drawn as 
follows: 
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Through the centers of the given circles draw the vertical line BF, 
the intersection of which with the circles determines the beginning of 
the required curve. From this point lay off toward the left on the 
generating circle CD , and toward the right on the given circle AB, a 
number of equal distances, numbering the points 1, 2, 3, etc., as shown. 
Through the center of the generating circle, and with the center F of 
the given circle as a center, describe the arc GH , upon which the center 
of the generating circle will travel as it rolls along. Through the 
points 1, 2, 3, etc., on the given circle draw the radial lines J, K y L, 
etc., intersecting the arc GH. Through the points 1, 2, 3, etc., on the 
generating circle, and with F as a center, describe the arcs 0, P, Q , B, 
etc. With the radius of the generating circle CD , and the intersections 
of the radial lines J , K, L, etc., with the arc GH t used successively as 
centers, describe short arcs intersecting the arcs O, P, Q , etc. These 
Intersections are points on the required epicycloidal curve. 

Problem 45. To describe a hypocycloid within a given circle AB, by 
a generating circle CD. 

A hypocycloid is generated in the same manner as an epicycloid, ex¬ 
cept that the generating circle rolls on the inside of another circle. It 
is constructed as follows: Draw the vertical line EF through the cen¬ 
ters of the given circle AB and the generating circle CD. the point of 
intersection of this line with these circles determining the beginning 
of the required curve. With the center F of the given circle AB as a 
center, describe the arc GH passing through the center.of the gener¬ 
ating circle CD. Divide the generating and given circles into spaces, 
as described in Problem 44, and through the points on the given circle 
draw radial lines intersecting the arc GH. With the center F of the 
given circle as a center, describe the arcs O, P, Q , B, etc., passing 
through the points 1, 2, 3, etc., on the generating circle. With the 
radius of the generating circle CD , and the intersections of the radial 
lines with the arc GH used successively as centers, describe short arcs 
intersecting the arcs O, P, Q , B, etc. These intersections are points 
on the required hypocycloidal curve. 

Problem 46. To describe a parabolic curve within given limits. 

The parabola is a curve formed by the contour of the section of a 
cone when cut on a plane parallel to one of its sides. One of its prin¬ 
cipal uses in practice is for the form of the reflector of a search light, 
the source of light being situated in its focus. By reason of its peculiar 
form, all rays of light are projected straight ahead, or in very slightly 
divergent rays. The parabola may be constructed as follows: Assume 
that AB is the directrix, or center line. The lines CF and DE repre¬ 
sent the greatest width of the conic section, and CD its extreme length. 
Divide the line CD into eight or more equal parts and number them 
from left to right Divide the line AC into the same number of equal 
parts and number them from the line AB upward. From the point A 
draw straight lines to each of the points 1, 2, 3, etc., on the horizontal 
line CD. From the point D draw straight lines to each of the points 
1, 2, 3, etc., on the vertical line AC. The intersections of lines 
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Plate XII. Problems 44 to 46 
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from the same number are points on the required parabolic curve. The 
lower half of this curve is drawn in the same manner. 

Problem 47. To describe a helix around a cylinder of given diameter 
AB, and having a given lead CD. 

The helix is a curve represented by a flexible cord wound around a 
cylinder, and is well illustrated in practice by the thread of a screw. 
The distance from one convolution to the next is called the lead. The 
helix may be single, as in an ordinary screw, or double, in which 
case two separate threads, beginning on opposite sides of the surface of 
the cylinder, are used. If triple, three threads are used, beginning at 
points 120 degrees apart on the surface of the cylinder. A helix is 
drawn as follows: Divide one-half of the circumference of the given 
cylinder into eight or more equal parts and number them consecutively 
as shown. Draw the lines CE and DF representing the diameter of 
the given cylinder. Draw the lines CD and EF representing the lead, 
or the distance which the helical curve extends along the cylinder in 
one convolution. Along the line CD, divide one-half the lead into the 
same number of equal parts as the half-circle has been divided into and 
number them as shown. Draw vertical lines through these points. 
Draw horizontal lines through the points 1, 2, 3, etc., of the circle, in¬ 
tersecting the vertical lines. The intersections of vertical and hori¬ 
zontal lines of the same numbers are points on the required helical 
curve. The remaining half of the convolution is drawn in the same 
manner, terminating at D. 

The application of the helix is shown in Problems 48 and 49, as ap¬ 
plied respectively to a V-thread and a square thread of a screw. 

Problem 48. To draw the two helical curves of a V-thread screw of 
given diameter and with a thread of a given lead and 60-degree angle. 

Let AB represent the outside diameter of the screw; CD is the given 
lead of the V-thread. Draw the horizontal line CG as the top of the 
cylinder, and the vertical lines GF and CE as the sides. Continue 
the spacing CD down along the line CE, thus indicating the lead of 
the thread. Divide the line GF in a similar manner, noting the 
fact that the point which is the top of the thread on one side is the 
bottom of the thread on the other. With the T-square and a 30-degree 
triangle, draw the V-form of the thread on each side of the cylinder as 
shown. The bottom of the thread is thus found at KK, which gives 
the diameter of the secondary cylinder represented by the circle KK 
in the view above. Divide the half-circle AB into eight parts and 
number them as shown. Through these points draw the radial lines 
L, N, 0, etc., dividing the inner circle KK into an equal number of 
parts. Divide one-half of the lead into eight equal parts, or the whole 
lead into sixteen parts, as at CD, and number the division points at 
shown. From the points in the outer circle AB draw vertical lines 
intersecting the corresponding horizontal lines. The intersections of 
corresponding vertical and horizontal lines are points on the 
required helical curve RST, representing the top of the thread. In a 
similar manner the points on the curve UVW , representing the bottom 
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of the thread, are determined. These curves are then drawn by straight 
lines of proper inclination representing about one-third of the curve at 
the center, while the extremities are drawn by the use of an irregular 
curve. 

Problem 49. To draw the helical curves of a square thread of a 
screw. 

The operation of determining the points necessary to draw the 
helical curves are identical with those described for Problem 48, but 
the work of laying out the form of the thread is different, as we have 
now a square thread instead of a V-thread. Divide the lead CD into two 
parts, as before. Let one of these parts form the thread and the other 
the groove between this thread and the next. Continue the division 
of the line CE into spaces as indicated at H y J, R , ana E. Divide them 
in half as before. Divide the line GF in a similar manner. Note that 
the space on one side which represents the thread will represent the 
groove between the threads on the opposite side. In the actual prac¬ 
tice the thread is made slightly thinner than the space, but in laying 
out the work on a drawing the two dimensions are made the same. 



OUTLINE OP A COURSE IN SHOP AND DRAFTING-ROOM 
MATHEMATICS, MECHANICS, MACHINE DESIGN 
AND SHOP PRACTICE 


Any intelligent man engaged in mechanical work can acquire a well-rounded 
mechanical education by using as a guide in his studies the outline of the 
course in mechanical subjects given below. The course is laid out so as to 
make it possible for a man of little or no education to go^ ahead, beginning 
wherever he finds that his needs begin. The course is made up of units so that 
it may be followed either from beginning to end; or the reader may choose 
any specific subject which may be of especial importance to him. 


Preliminary Course in Arithmetic 

Jig Sheets 1A to 5A:—Whole Num¬ 
bers: Addition, Subtraction, Multi¬ 

plication, Division, and Factoring. 

Jig Sheets 6A to 15A:—Common 
Fractions and Decimal Fractions. 

Shop Calculations 

Reference Series No. 18. Shop 
Arithmetic for tiie Machinist. 

Reference Series No. 52. Advanced 
Shop Arithmetic for the Machinist. 

Reference Series No. 53. Use of 
Logarithmic Tables. 

Reference Series Nos. 54 and 55. 
Solution of Triangles. 

Data Sheet Series No. 16. Mathe¬ 
matical Tables. A book for general 
reference. 

Drafting-room Practice 

Reference Series No. 2. Drafting- 
room Practice. 

Reference Series No. 8. Working 
Drawings and Drafting-room Kinks. 

Reference Series No. 33. Systems 
and Practice of the Drafting-room. 

General Shop Practice 

Reference Series No. 10. Examples 
of Machine Shop Practice. 

Reference Series No. 7. Lathe and 
Planer Tools. 

Reference Series No. 25. Deep Hole 
Drilling. 

Reference Series No. 38. Grinding 
and Grinding Machines. 

Reference Series No. 48. Files and 
Filing. 

Reference Series No. 32. Screw 
Thread Cutting. 

Data Sheet Series No. 1. Screw 
Threads. Tables relating to all the 
standard systems. 

Data Sheet Series No. 2. Screws, 
Bolts and Nuts. Tables of standards. 

Data Sheet Series Nos. 10 and 11. 
Machine Tool Operation. Tables re¬ 
lating to the operation of lathes, screw 
machines, milling machines, etc. 

Reference Series Nos. 50 and 51. 


Principles and Practice of Assem¬ 
bling Machine Tools. 

Reference Series No. 57. Metal 
Spinning. 

Jigs and Fixtures 

Reference Series Nos. 41, 42 and 43. 
Jigs and Fixtures. 

Reference Series No. 3. Drill Jigs. 

Reference Series No. 4. Milling 
Fixtures. 

Punch and Die Work 

Reference Series No. 6. Punch and 
Die Work. 

Reference Series No. 13. Blanking 
Dies. 

Reference Series No. 26. Modern 
Punch and Die Construction. 

Tool Making 

Reference Series No 64. Gage 

Making and Lapping. 

Reference Series No. 21. Measur¬ 
ing Tools. 

Reference Series No. 31. Screw 

Thread Tools and Gages. 

Data Sheet Series No. 3. Taps and 
Threading Dies. 

Data Sheet Series No. 4. Reamers, 
Sockets, Drills, and Milling Cutters. 

Hardening and Tempering 

Reference Series No. 46. Harden¬ 
ing and Tempering. 

Reference Series No. 63. Heat 

Treatment of Steel. 

Blacksmith Shop Practice 
and Drop Forging 

Reference Series No. 44. Machine 
Blacks mitiiing. 

Reference Series No. 61. Black¬ 
smith Shop Practice. 

Reference Series No. 45. Drop Forg¬ 
ing. 

Automobile Construction 

Reference Series No. 59. Machines, 
Tools and Methods of Automobile 
Manufacture. 

Reference Series No. 60. Construc¬ 
tion and Manufacture of Automo¬ 
biles. 



Theoretical Mechanics 
Reference Series No. 5. First Prin¬ 
ciples of Theoretical Mechanics. 
Reference Series No. 19. Use of 


Formulas in 

Mechanics. 

Gearing 



Reference 

Gearing. 

Series 

No. 

15. 

Spur 

Reference 

Gearing. 

Series 

No. 

37. 

Bevel 

Reference 

Gearing. 

Series 

No. 

1 . 

Worm 

Reference 

Gearing. 

Series 

No. 

20. 

Spiral 


Data Sheet Series No. 5. Spur 
Gearing. General reference book con¬ 
taining tables and formulas. 

Data Sheet Series No. 6. Bevel, 
Spiral and Worm Gearing. General 
reference book containing tables and 
formulas. 

General Machine Design 

Reference Series No. 9. Designing 
and Cutting Cams. 

Reference Series No. 11. Bearings. 

Reference Series No. 56. Ball 
Bearings. 

Reference Series No. 58. Helical 
and Elliptic Springs. 

Reference Series No. 17. Strength 
of Cylinders. 

Reference Series No. 22. Calcula¬ 
tions of Elements of Machine De¬ 
sign. 

Reference Series No. 24. Examples 
of Calculating Designs. 

Reference Series No. 40. Fly¬ 
wheels. 

Data Sheet Series No. 7. Shafting, 
Keys and Keyways. 

Data Sheet Series No. 8. Bearings, 
Couplings, Clutches, Crane Chain 
and Hooks. 

Data Sheet Series No. 9. Springs, 
Slides and Machine Details. 

Data Sheet Series No. 19. Belt, 
Rope and Chain Drives. 

Machine Tool Design 

Reference Series No. 14. Details 
of Machine Tool Design. 

Reference Series No. 16. Machine 
Tool Drives. 

Crane Design 

Reference Series No. 23. Theory of 
Crane Design. 

Reference Series No. 47. Design 
of Electric Overhead Cranes. 

Reference Series No. 49. Girders 
for Electric Overhead Cranes. 


Steam and Gas Engine Design 

Reference Series Nos. 67 to 72, in¬ 
clusive. Steam Boilers, Engines, 
Turbines and Accessories. 

Data Sheet Series No. 15. Heat, 
Steam, Steam and Gas Engines. 

Data Sheet Series No. 13. Boilers 
and Chimneys. 

Reference Series No. 65. Formulas 
and Constants for Gas Engine De¬ 
sign. 

Special Course in Locomotive Design 

Reference Series No. 27. Boilers, 
Cylinders, Throttle Valve. Piston 
and Piston Rod. 

Reference Series No. 28. Theory 
and Design of Stephenson and Wal- 
schaerts Valve Motion. 

Reference Series No. 29. Smoke- 
box, Frames and Driving Machinery. 

Reference Series No. 30. Springs, 
Trucks, Cab and Tender. 

Data Sheet Series No. 14. Locomo¬ 
tive and Railway Data. 

Dynamos and Motors 

Reference Series No. 34. Care and 
Repair of Dynamos and Motors. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation, 
and Miscellaneous Tables. 

Reference Series Nos. 73 to 78, in¬ 
clusive. Principles and Applications 
of Electricity. 

Heating and Ventilation 

Reference Series No. 39. Fans, 

Ventilation and Heating. 

Reference Series No. 66. Heating 
and Ventilating Shops and Offices. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation, 
and Miscellaneous Tables. 

Iron and Steel 

Reference Series No. 36. Iron and 
Steel. 

Reference Series No. 62. Testing 

the Hardness and Durability of 
Metals. 

General Reference Books 

Reference Series No. 35. Tables 

and Formulas for Shop and Draft¬ 

ing-room. 

Data Sheet Series No. 12. Pipe and 
Pipe Fittings. 

Data Sheet Series No. 17. Mechan¬ 
ics and Strength of Materials. 

Data Sheet Series No. 18. Beam 
Formulas and Structural Design. 

Data Sheet Series No. 20. Wiring 
Diagrams, Heating and Ventilation 
and Miscellaneous Tables. 
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MACHINERY COVERS THE FIELD 


ENGINEERING EDITION 
$2.00 a year. 

Covers completely and with 
authority the whole field of ma¬ 
chine design and manufacture. 
Contains, besides all the practi¬ 
cal shop matter published in the 
Shop Edition, leading articles on 
machine design and engineering 
practice, and abstracts of im¬ 
portant papers read before the 
engineering societies, enabling 
the reader to keep in touch with 
mechanical progress. There is a 
Data Sheet Supplement each 
month. Saves you the necessity 
for reading any other mechanical 
publication. 


SHOP EDITION 

$1.00 a year. 

This edition of Machinery has 
furnished the material for many 
of the big standard volumes on 
machine shop and drafting-room 
practice. Shop Kinks, Practical 
Letters from Mechanics, and 
other features now much adver¬ 
tised by others, originated with 
this publication, and are still 
by far the best available to 
readers. It is widely recognized 
that each edition of Machinery 
maintains the standard of excel¬ 
lence which has given the publi¬ 
cation the foremost place in 
mechanical journalism. 


The Largest Paid Mechanical Circulation in the World 
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